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Abstract: Sexual selection deals with
the evolution of secondary sexual characters
which give certain individuals an advantage
over others in relation to reproduction.
Although many studies have suggested that
chemical cues are important in intraspecific
communication of lizards, research on sexual
selection has focused almost exclusively on
visual signals. We review the results of recent
experiments on the role of chemical signals
in sexual selection of lacertid lizards. In
some species, chemical cues seem to be more
important than colour patterns in sex
recognition and intrasexual aggression
between males. Individual recognition based
on chemical cues has also been
demonstrated in several species. Substrates
marked with gland secretions may function
in territory advertisement. The ability to
recognise scents of individual conspecifics
may also help to decide the outcome of
conflicts quicker and cheaper. Effective sex
recognition may be also important to avoid
sneak matings by young competitor males
that visually conceal their sexual identity.
On the other hand, female choice based on
visual traits has rarely been demonstrated in
reptiles. However, recent experiments
suggest that femoral glands secretions might
transmit chemical information about a
male’s age, body size, body condition and
developmental stability, and that this
information may be used by females to
choose mates. It was generally assumed that
success in male-male competition reflects
high quality and that female preference for
dominant males should be widespread.
Success in male contest depends on male
ability to fight. However, dominance traits
might not be attractive to females because
they may not be always a reliable indicator
of genetic quality. In contrast, chemicals
arising from the femoral pores might
honestly indicate quality. We conclude that
chemical signals might be more reliable and
have a greater importance in sexual selection
processes of lizards than has been considered
before.
Key words: Chemoreception, sexual
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mate choice, lacertids. 
Resumen: Selección sexual y quimio-
rrecepción en Lacértidos.- La selección
sexual se ocupa de la evolución de caracteres
sexuales secundarios que confieren ventajas
reproductivas a ciertos individuos. Aunque
muchos estudios sugieren que las señales
químicas son importantes en la comunica-
ción intraespecífica de los saurios, las investi-
gaciones sobre selección sexual se han basado
principalmente en señales visuales. Se revi-
san los resultados de experimentos recientes
sobre el papel de las señales químicas en la
selección sexual en Lacértidos. En algunas
especies, las señales químicas parecen ser más
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importantes que los colores en el reconoci-
miento del sexo y en la agresión intrasexual
entre machos. También ha sido demostrada
la existencia del reconocimiento individual.
Así, substratos marcados con secreciones
glandulares podrían servir para señalizar los
territorios. La habilidad para reconocer olo-
res individualmente puede también ayudar a
decidir el resultado de los conflictos más
rápidamente y con menos costes. El recono-
cimiento efectivo del sexo puede ser impor-
tante además para evitar cópulas robadas por
machos jóvenes competidores que ocultan
visualmente su identidad sexual. Por otro
lado, la elección de pareja por las hembras
basada en caracteres visuales ha sido encon-
trada raramente. Sin embargo, experimentos
recientes sugieren que las secreciones de las
glándulas femorales podrían transmitir
información sobre la edad, talla, condición y
estabilidad en el desarrollo de los machos, y
que esta información podría ser usada por
las hembras para elegir pareja. Se ha asumido
que el éxito en la competición entre machos
reflejaba la calidad de un macho, y que las
hembras deberían preferir machos dominan-
tes. El éxito en una pelea entre machos
depende de su habilidad para luchar. Sin
embargo, los caracteres de dominancia
podrían no ser atractivos para las hembras si
no reflejan fiablemente la calidad genética.
En contraste, las sustancias químicas de los
poros femorales podrían indicar calidad
honestamente. Se concluye que las señales
químicas podrían ser más fiables y ser más
importantes en los procesos de selección
sexual de los saurios de lo que había sido
considerado hasta ahora.
Palabras clave: Quimiorrecepción,
selección sexual, competición entre machos,
elección de pareja, Lacértidos.
Resum: Selecció sexual i quimio-
recepció en Lacèrtids.- La selecció sexual
s’ocupa de l’evolució de caràcters sexuals
secundaris que confereixen avantatges
reproductius a certs individus. Encara que
molts estudis suggereixen que els senyals
químics són importants en la comunicació
dels sauris, les investigacions sobre selecció
sexual s’han basat principalment en senyals
visuals. Es revisen els resultats d’experiments
recents sobre el paper dels senyals químics
en la selecció sexual en Lacèrtids. En algunes
espècies, els senyals químics semblen ser 
més importants que els colors en el
reconeixement del sexe i en l’agressió
intrasexual entre mascles. També s’ha
demostrat l’existència del reconeixement
individual. Així, substrats marcats amb
secrecions glandulars podrien servir per
senyalitzar els territoris. L’habilitat per
reconèixer olors individualment pot també
ajudar a decidir el resultat dels conflictes
més ràpidament i amb menys costos. El
reconeixement efectiu del sexe pot ser
important a més per evitar còpules robades
per mascles joves competidors que oculten
visualment la seva identitat sexual. D’una
altre banda, l’elecció de parella per les
femelles basada en caràcters visuals ha estat
trobada rarament. Tanmateix, experiments
recents suggereixen que les secrecions de les
glàndules femorals podrien transmetre
informació sobre l’edat, talla, condició i
estabilitat en el desenvolupament dels
mascles, i que aquesta informació podria ser
emprada per les femelles per escollir parella.
S’ha assumit que l’èxit en la competició
entre mascles manifesta la qualitat d’un
mascle, i que les femelles haurien de preferir
mascles dominants. L’èxit en una baralla
entre mascles depèn de la seva habilitat per
lluitar. Malgrat això, els caràcters de
dominància podrien no ser atractius per a
les femelles si no reflectien la qualitat
genètica. En contrast, les substàncies
químiques dels porus femorals podrien
indicar qualitat de forma honesta. Es
conclou que els senyals químics podrien ser
més fiables i importants en els processos de
selecció sexual dels sauris del que s’havia
considerat fins ara.
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INTRODUCTION
Natural selection may explain the
evolution of apparently adaptive
characters and the process of speciation
(DARWIN, 1859). However, many
characters are apparently maladaptive.
Traits, such as the tail of the peacock
and the antlers of the red deer, could not
have evolved by natural selection
because these characters are unlikely to
enhance survival (ANDERSSON, 1994;
MØLLER, 1994). Moreover, in most
cases individuals having these traits may
incur a cost of survivorship, for example
for being more conspicuous to predators
(ZUK & KOLLURU, 1998; MARTÍN &
LÓPEZ, 2001). These extravagant
secondary sexual characters were
suggested to have evolved by sexual
selection because of “the advantage
which certain individuals have over other
individuals of the same sex and species, in
exclusive relation to reproduction”
(DARWIN, 1871).
Two different kinds of sexual
selection processes could account for the
evolution of secondary sexual traits:
male-male competition and female mate
choice. Competition for mates between
males could result in the evolution of
structures which serve as weapons
during fights with other males. Males
with the largest or more effective
weapons are supposed to be able to win
fights over males with smaller
armaments. The second process is active
choice of particular individuals of one
sex by individuals of the other. Thus,
males with the more attractive secondary
sexual characters were assumed to be at a
selective advantage because they were
more likely to be chosen by a female, and
they should therefore experience higher
mating success (ANDERSSON, 1994;
MØLLER, 1994).
The two modes of sexual selection
result in the evolution of different kinds
of characters which are appropriate for
fighting and subduing individuals of the
same sex (such as antlers of deer or spurs
of birds, but also more subtle kinds of
weaponry such as vocalisations and
odours), or charming and attracting
individuals of the opposite sex (such as
song of insects, amphibians and birds,
extravagant plumage ornaments in
birds, and the display dances of several
insects and birds, but also characters
such as vocalisation and odours)
(ANDERSSON, 1994; MØLLER, 1994).
Why is sexual selection interesting?
Currently every issue of scientific
journals in ecology, evolution and
behaviour contains more than one paper
about sexual selection. Why are so many
evolutionary biologists interested in
sexual selection? MØLLER (1994) gives
some answers to this question, but we
will focus on the last two ones: 
“Sexual selection is communication
between males and females. Commu-
nication involves signalling which is the
transfer of information (true or false) to
conspecifics. How are bluff and cheating
controlled, and how does signalling remain
reliable?”, and
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“Sexual selection deals with characters
of extreme beauty. It is no coincidence that
scientists engaged in field studies of sexual
selection concentrate on animals that use
the same sensory modalities as humans;
that is, vision and hearing”. 
The last sentence could be true in
the case of birds, because of their songs,
their visually beautiful and colourful
plumage during the breeding season,
and some extravagant secondary sexual
traits that are very conspicuous for other
birds, and human researchers. In fact,
research on sexual selection has focused
almost exclusively on visual signals,
probably because most papers published
about sexual selection have dealt with
birds. In contrast, despite the beautiful
displays of colours of many lizards, their
role in sexual selection seems to be not
so straightforward as in birds (OLSSON
& MADSEN, 1998). Thus, researches on
sexual selection have tended to ignore
lizards as an appropriate model system.
However, some lizards might use
nonvisual cues for mate choice and
intrasexual competition, and thus might
provide new insights into sexual
selection research.
The role of chemical cues in lizards’ life
Since the seventies there have been
many studies on chemoreception in
reptiles and other animals (BURGHARDT,
1970; BROWN & MACDONALD, 1985).
These works have expanded our
knowledge on the chemical senses and
have found an increasing number of
animals for which chemical
communication is very important
(STODDART, 1980). The vomeronasal
system provides animals with a chemical
sense, vomerolfaction, which is different
than olfaction, both in its anatomy and
in its chemical sensibility (COOPER &
BURGHARDT, 1990A; HALPERN, 1992).
The vomeronasal nerves transmit the
messages from the sensory cells of the
vomeronasal organ to the lateral
olfactory bulbs. In contrast, the
olfactory nerves communicate the
olfactory epithelium with the primary
olfactory bulbs. Olfaction can detect
only small and highly volatile molecules,
whereas vomerolfaction is able to detect
nonvolatile and more complex
molecules.
Intraspecific communication by
chemical signals is widespread among
vertebrates including reptiles. Thus,
roles of chemical signals have been
described in orientation, intraspecific
aggregation, territorial scent marking,
courtship, parental care, predator
recognition, and foraging behaviour of
many taxa (STODDART, 1980). Reptiles
show a great variety of behaviours based
on visual signals, which are important in
many aspects (COOPER & GREENBERG,
1992). However, intraspecific
communication by chemical signals has
been recognised more recently as an
important key to explain the behaviour
of reptiles (COOPER & VITT, 1984;
MASON, 1992; HALPERN, 1992;
COOPER, 1994; LÓPEZ, 2002). 
Chemical signals and sexual selection
in lizards
Numerous studies have shown that
in many lizards, secretions from skin,
cloaca or femoral glands, or faecal pellets
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may play an important role in
pheromonal communication (MASON,
1992). Tongue-flicking (a behaviour
associated with the vomeronasal organ)
reflects chemosensory investigation of a
stimulus (COOPER & BURGHARDT,
1990b). Tongue-flick rates have been
often analysed in chemosensory
discrimination experiments, showing
that many lizard species can detect and
discriminate between odours from their
own femoral gland secretions and those
of other conspecific males, or between
femoral gland secretions of familiar and
unfamiliar conspecifics (MASON, 1992;
HALPERN, 1992; COOPER, 1994). The
questions are: Why lizards have evolved
such chemosensory discriminatory
ability? and where and when in their day
life can they employ it? We review here
the results of several recent experiments
that examine the possible roles of
chemoreception in sexual selection of
lacertid lizards. We suggest that the
lizards’ ability to discriminate and
communicate by chemical signals may
participate in the two processes of sexual
selection (i.e., male-male competition
and female mate choice).
MALE-MALE COMPETITION
Scent marks and territory advertisement
The ventral location of the femoral
pores suggests that secretions are
passively deposited on the substrate as
lizards move through their home ranges.
Also excrements are deposited on the
substrate. Therefore, femoral gland
secretions and faecal pellets could
advertise residence in a home range,
and/or could convey information about
social status and competitive ability of
the sender. This is relevant and
important for sexual selection studies,
because a male territory could provide
resources for females. Hence, the male
may trade his resources for a high
probability of paternity. Also, the
mating system of most territorial lizards
is resource defence polygyny. Males
defending territories containing many
females may achieve more matings.
Surprisingly, although many studies of
mammals had suggested and tested
similar ideas on the role of chemical
signals in territory advertisement, there
has been a lack of studies analysing this
possibility in lizards. 
Males of the Iberian rock lizard
(Lacerta monticola) defend territories
against other males. Males are
polygynous and increase the number of
females to which they have access by
increasing their home range size. As a
consequence, the number of overlapping
competitor males also increases
(ARAGÓN et al. , 2001c). Overlap
between males’ home ranges is extensive
and agonistic encounters between males
occur frequently during the mating
season (MARTÍN & SALVADOR, 1993,
1997a; ARAGÓN et al., 2001a, c). For
males, the final objective of these fights
is to access a higher number of females,
and/or to obtain exclusive access to these
females. Therefore, any trait evolved to
advertise the residence of a territory will
benefit males because it will reduce the
cost of aggressive interactions and will
increase mating success. Thus, sexual
selection may favour males able to use
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scent marks deposited on the substrate
in intraspecific communication and
maintenance of territories. 
The characteristics of microhabitats
selected by L. monticola (mainly rock
boulders and screes) (MARTÍN &
SALVADOR, 1997b) are propitious for
this type of composite signalling (visual
and chemical) (ALBERTS, 1992). Thus,
in the field, lizards selected specific sites
on rocks (relatively higher positions) to
deposit faecal pellets, probably in order
to facilitate visual location of pellets by
conspecifics (LÓPEZ et al., 1998). A
lizard could initially locate and approach
the signal source visually, then
investigate it or the possible surrounding
scent marks through chemosensory
channels. In fact, differential tongue
flick rates to chemicals presented on
cotton swabs demonstrated that male
lizards can detect and discriminate
between self-produced scents from
faecal pellets or from the femoral pores
and those of other conspecific males
(LÓPEZ et al., 1998; ARAGÓN et al.,
2000, 2001b). Moreover, behavioural
tests further showed that faecal pellets
and other scent marks also may
influence whether a male lizard stays or
leaves when encountering them, but
that this response depends on body size
relative to the depositor of the faecal
pellet (LÓPEZ et al., 1998; ARAGÓN et
al., 2000, 2001d). This suggested that
the decision of where to stay may
depend of the presence of scents of other
males and on the relative fighting ability
of both males, estimated from chemical
cues alone. Thus, scent marks may play
important roles in intrasexual
competition of some lizards.
Sex recognition
In spite of territory advertisement
by male owners, males do not always
avoid entering territories of other males.
When two males meet, fights occur and
can be very frequent. The first step in
recognition of a possible opponent is sex
recognition. Artificial manipulation of
body colours by painting experiments
has provided strong evidence that sex
recognition relies on visual cues in many
lizards (COOPER & GREENBERG, 1992).
For example, in lacertid lizards with
extreme sexual dichromatism, such as
Lacerta agilis, the importance of sex-
related coloration has been
demonstrated by experiments in which
lizards were artificially painted to
resemble body colours of the opposite
sex. Males attacked rather than courted
females painted to resemble males, and
males courted other males painted with
the female-like pattern (KITZLER, 1941;
KRAMER, 1937). However, olfactory
stimuli were also involved in sex
recognition because male L. agilis that
had responded aggressively to females
painted with male-like colours stopped
behaving aggressively after tongue-
flicking them (KITZLER, 1941; KRAMER,
1937). In another experiment, male
Lacerta vivipara courted conspecific
males painted as females, but females
painted as males, or painted black, were
also courted (BAUWENS et al., 1987),
suggesting that males can probably
identify females by characteristics other
than their colour pattern.
Other experiments have showed
that species with little sexual
dichromatism might rely primarily on
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chemoreception at short distance.
Experimental manipulation of colour
and odour in Podarcis hispanica have
shown that, at least at close range,
odoriferous cues seem to be more
important than colour patterns in sex
recognition and intrasexual aggression
between males (LÓPEZ et al., 2002a).
Responding males reacted significantly
more aggressively to male intruders
bearing male odours than to those
bearing female odour, independently of
their coloration. In a similar experiment
to examine which cues elicit courtship
of female P. hispanica, responding males
reacted significantly more aggressively to
female intruders bearing male odours,
independently of their coloration
(LÓPEZ & MARTÍN, 2001b). Neverthe-
less, coloration seemed to be important
in long distance sex recognition, as in
the first minutes females painted as
females received a lower number of
aggressive responses than females
painted as males. On the other hand,
both, colour and odour were important
in eliciting male courtship. Females
painted with female colours and with
female odours were preferentially
courted, with respect to females with
female odours, but painted with male
colours. However, females bearing male
odours were not courted, independently
of their coloration. Therefore, at close
range, odoriferous cues seem to be more
important than colour patterns in sex
recognition of females, but female
coloration is also useful at long range to
deter the aggressive response of males
and to elicit courtship in conjunction
with odours. This might be a pattern
commoner than expected in many
species of lizards. 
Individual recognition
If territorial males were able to
discriminate between faecal pellets and
other scent marks of different individual
males, this would reduce the cost of
unnecessary fights between neighbours.
Differential tongue-flick rates to other
males’ odours suggest that male L.
monticola may discriminate between
odours of familiar and unfamiliar males,
and that the behavioural responses were
also dependent on relative differences in
body size between the males (ARAGÓN et
al., 2000, 2001b). Discrimination
between familiar and unfamiliar
individual males has been suggested in
other lizard species, such as Dipsosaurus
dorsalis (GLINSKI & KREKORIAN, 1985),
Iguana iguana (ALBERTS & WERNER,
1993), both sexes of broad-headed
skinks (Eumeces laticeps) (COOPER,
1996), and juvenile Podarcis hispanica
(FONT & DESFILIS, 2002). These results
reinforce the idea that faecal pellets and
femoral glands secretions might be used
to scent-mark home ranges. A male that
finds the scent of a conspecific might
assess his relative competitive ability
with respect to the signaller and then
decide whether to retreat from this area
to avoid an agonistic encounter, or to
face a possible fight with previous
information on the contestant.
Previous studies of discrimination
between familiar and unfamiliar
individuals were accomplished by
housing animals together to create
familiar individuals. A further study
with male L. monticola provided direct
empirical support for chemosensory
discrimination among individuals whose
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actual spatial relationships had been
previously determined in the animal’s
natural environment (ARAGÓN et al.,
2001a). In addition to differences
between familiar and unfamiliar stimuli,
there was a negative relationship
between tongue-flick rates emitted in
cages of unfamiliar males and the body
size differences between males. In
contrast, when the donor of the scent
was a familiar male, the tongue-flick rate
was not dependent on body size
differences. This suggests that the test
males were already familiar with the
scents of males having overlapping
home ranges, and thus did not require
additional information about their body
size or condition. Supporting this idea,
the total tongue-flick rate decreased
with the degree of overlap between the
home ranges of individuals, which
might reflect the need for more
information about infrequently
encountered individuals than about
those often encountered. These results
are compatible with individual
discrimination through chemical cues.
Individual recognition may be
combined with the ability to learn the
status of individuals through repeated
encounters (BARNARD & BURK, 1979),
helping to reduce the intensity and
frequency of agonistic encounters (see
below).
Competitor assessment: fighting rules
and rival recognition
Once a male has identified a
competitor male, he still has to decide
how much to escalate aggression during
a possible fight. The ultimate goal of
fights between males is that the winner
takes sole possession of the resource (e.g.
females, food, refuges, etc.), but since
fighting entails costs such as time and
energy expenditure, risk of injury, and
vulnerability to predation during fight,
it would be beneficial for both
opponents to settle disputes as cheaply
as possible (HUNTINGFORD & TURNER,
1987). Thus, different fighting strategies
and decision rules depending on the
balance between costs of fight and
expected benefits to be gained have
evolved for resolving conflicts.
Game theory and the sequential
assessment game are an attractive
theoretical framework for making
testable predictions about how animal
conflicts will progress and what traits
will determine how conflicts are resolved
(MAYNARD SMITH & PRICE, 1973;
MAYNARD SMITH, 1982). These models
posit that trait asymmetries between
contestants (e.g. in body size or resource
holding) are used to settle fights and to
decide how much to escalate. For
example, male lizards with larger body
size, and hence greater fighting ability,
are usually dominant in contests over
smaller ones, and, in fights between the
owner of a resource and an intruder, a
simple convention such as “owner
always wins” can be an evolutionarily
stable strategy (COOPER & VITT, 1987;
OLSSON, 1992; MOLINA-BORJA et al.,
1998; OLSSON & SHINE, 2000; LÓPEZ
& MARTÍN, 2001a). In addition, fights
between male P. hispanica were more
intense when body size differences were
smaller, and, thus, presumably more
difficult to assess by contestants (LÓPEZ
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& MARTÍN, 2001a). This could be
explained according to the “sequential
assessment game” (ENQUIST & LEIMAR,
1983), which supposes that males can
acquire information about fighting
ability of the opponent gradually during
the progress of a fight. Resource value
and expected gain in reproduction may
also affect motivation to fight and the
likelihood of winning (ENQUIST &
LEIMAR, 1987). Thus, male P. hispanica
increased their fighting effort when
defending a territory that contains
females (LÓPEZ & MARTÍN, 2002 b).
In an agonistic interaction, the
assessment of the probable outcome of
future encounters with the same
individuals is likely the best way of
economising energy and risk of injury
(BARNARD & BURK, 1979). When two
individuals have fought each other
before, this prior experience may
influence their fighting behaviour when
they meet again. Thus, for example, in
staged encounters beetween male P.
hispanica, the second fight of the same
pair of males had a lower aggression
level, even if the outcome of this second
fight was contrary to the first (LÓPEZ &
MARTÍN, 2001a). Similarly, the duration
of contests was shorter when the same
pair of males L. agilis had a previous
agonistic experience (OLSSON, 1994a).
This suggests that males are able to
recognise individual opponents and that
they use this previous information in
determining the outcome of further
contests quicker. Once social
relationships between two males have
been established, they can become
stable. Thus, additional fights or high
aggression levels should be, in most
cases, both unnecessary and potentially
costly.
Recognition of familiar individual
neighbours could be based on distinctive
colour patterns (OLSSON, 1994a).
Individual recognition through
chemosensory cues has also been
suggested in some species of lizards (see
above). Chemical analyses in other
lizards have showed that the presence
and relative concentration of
pheromonal components vary not only
between sexes but also consistently
among individuals (ALBERTS, 1990,
1993), which may convey information
on the individual identity. Dis-
criminations based on pheromone
components may be more reliable than
those based on colour, because they may
provide more detailed information. To
tests this hypothesis, we experimentally
manipulated the odour of intruding
male P. hispanica, creating familiar males
with their own odour or bearing odours
of unfamiliar males, and unfamiliar
males bearing unfamiliar odours or
odours of familiar males (LÓPEZ &
MARTÍN, 2002a). When the own scents
of familiar males were removed, and
thereafter they were impregnated with
scents from unfamiliar males, they
elicited an aggressive response by
resident unmanipulated males similar to
that observed for a new unfamiliar male
with unfamiliar odour. This suggests
that resident males were unable to
recognise familiar males when their own
scents were removed. In contrast,
responding males were less aggressive
towards familiar males bearing their own
odour and towards unfamiliar males
bearing scents of familiar males,
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suggesting that when two males have
already interacted, their scents become
familiar for both males, and that the
detection in successive encounters of the
familiar scent suffices to reduce the
aggressive response of territorial males.
Therefore, recognition mechanisms
based on chemical cues during agonistic
encounters may contribute to reducing
the intensity and the costs of fighting in
lizards.
Alternative mating tactics
Chemosensory abilities may also be
used in other ways related to intrasexual
competition. Males of many species of
lizards show conspicuous breeding
colours but, in some species, young
competitively inferior males conceal
their sexual identity by a female-like
coloration which allows them to evade
aggression from dominant males and to
adopt an alternative satellite-sneaking
mating strategy. However, large males of
the lizard Psammodromus algirus (with
bright orange heads) reacted aggressively
to young, but adult, intruder males
despite of their female-like coloration,
but did not attack females (SALVADOR et
al., 1997), suggesting that they might
have the ability to recognise competitor
males by chemosensory cues. We
experimentally manipulated the head
coloration (brown vs. orange) and odour
(male vs. female) of small young males
(LÓPEZ, et al., 2003a). For staged
agonistic encounters, we compared the
response of unmanipulated large
resident males to the manipulated small
males. When we manipulated only the
colour of small males, the response of
resident large males was independent of
the colour; brown and orange coloured
males elicited a similar aggressive
response. However, when we also
manipulated the odour, small males
painted orange or brown but bearing the
scent of males received a higher number
of aggressive responses than small males
painted orange or brown but bearing
scent of females. 
These results showed that at close
range the reaction of large males to
manipulated individuals was dependent
on the scent, whereas colour seemed to
be less important. Coloration may be,
however, more important in long-
distance communication as shown by
the outcome of the first encounters.
Also, orange coloration seemed to
increase the intensity of the aggressive
response (see also MARTÍN & FORSMAN,
1999). Effective sex recognition by large
territorial males is important in natural
situations to avoid sneak matings by
young male competitors. Even if small
males visually conceal their sexual
identity, chemosensory cues allow large
males to identify them at close range.
FEMALE MATE CHOICE
Fights between males over mates
have been more widely recognised as an
important selective process than mate
choice in reptiles. Overall, female mate
choice based on visual traits appears to
be rare in lizards (OLSSON & MADSEN,
1995, 1998; TOKARZ, 1995; LEBAS &
MARSHALL, 2001; OLSSON, 2001).
Moreover, male bright colours might be
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important in social relationships
between males (OLSSON, 1994B;
MARTÍN & FORSMAN, 1999). However,
and in contrast to what has been
repeatedly found in other animals such
as birds, these bright colours seem to be
unimportant in female mate choice
(LEBAS & MARSHALL, 2001; OLSSON,
2001), probably because they do not
vary consistently with male quality
(OLSSON, 1994c). For example,
testosterone stress did not increase
asymmetry (a possible cue of a male’s
quality; see below) of a coloured sexual
ornament in the lizard P. algirus (VEIGA
et al., 1997), whereas testosterone stress
did negatively affect numerous
physiological parameters (SALVADOR et
al., 1996; PUERTA et al., 1996). Thus, if
visual cues of male condition or genetic
quality are poor or inaccurate, female
choice (based on visual cues) might be
rare. However, many other animals,
such as insects or mammals, even
ourselves, rely on chemical signals to
attract mates. 
The femoral pores: a secondary sexual
trait
Several studies have described the
existence of pheromonal detection in
different species of lizards, which is
often based on precloacal and femoral
gland secretions (MASON, 1992). The
femoral pores are epidermal structures
on the ventral surface of the thigh of
many squamates that have been
extensively used in taxonomy, but little
is known of their functional significance
(ALBERTS, 1993). They are connected to
glands that are formed by an
invagination of the stratum
germinativum, which forms a follicular
unit, and produce copious amounts of
holocrine secretion (MASON, 1992). The
secretory activity of the femoral glands is
greatest in the breeding season; males
produce more secretion than females;
and androgens can influence their
development and maintain their activity
(COLE, 1966; VAN WYK, 1990;
ALBERTS, 1993). Moreover, pheromonal
components in femoral gland secretions
vary consistently among individuals
(ALBERTS, 1990, 1993). We hypo-
thesised that pheromones produced by
femoral glands of males might also
transmit chemical information about
the quality of a male. Femoral gland
secretions are composed of both lipids
and proteins. Lipids have a high degree
of molecular diversity, which increase
the potential information content of a
pheromone, and individual differences
in protein secretion chemistry are
consistent over time (ALBERTS, 1990,
1993). Thus, femoral glands secretions
might function in individual
recognition, and also might indicate the
characteristics and quality of a male. In
fact, in many other animals, such as
insects or rodents, male odours are
known to convey a great amount of
information, such as dominance status,
health, parasite load or genetic quality
(e.g. PENN & POTTS, 1998). Given the
chemosensory capabilities of lizards it is
very likely that female mate choice may
be based on chemical cues. We suggest
that, as it occurs in, for example insects
(THORNHILL, 1992), the quality or
amount of male pheromone could
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communicate to the female heritable
male genetic quality and thereby serve as
the basis of adaptive female choice.
Male fluctuating asymmetry and female
mate choice
Chemical signals might inform
females about the developmental
stability of a male. And why should this
be important for females? Fluctuating
asymmetry is random deviation from
perfect symmetry that arise due to the
inability of individuals to undergo
identical development of bilaterally
symmetrical traits on both sides of the
body (VAN VALEN, 1962). Low levels of
fluctuating asymmetry are preferred in a
potential mate in many species because
they presumably indicate the
developmental stability of an individual,
and, thus, its ability to cope with genetic
and environmental perturbations during
development (MØLLER & SWADDLE,
1997). 
In a laboratory experiment with the
lizard L. monticola, we analysed the
effect of developmental stability levels of
males on attractiveness of males’ scents
to females (MARTÍN & LÓPEZ, 2000). As
we have seen, males of this species may
use chemical signals to scent mark their
territories. Thus, it is possible that
females might select their mates based
on information from these chemical
signals that territorial males leave in
their home ranges. When we offered the
scents of two males of similar body size,
females associated preferentially with
scents of males with low fluctuating
asymmetry in their femoral pores, and
also with scents of males with a higher
number of femoral pores. This suggests
that females were able to discriminate
the fluctuating asymmetry of males by
chemical signals alone (actually what
females might be discriminating would
be some characteristic of the chemical
signals that may be a reliable indicator of
a male quality, and these would be also
correlated with his ability to avoid stress
during development). Moreover,
because females preferred to be in areas
marked by males of “high quality”,
females may prefer such males as mates. 
Female preference for large males
Female choice based on male body
size has been demonstrated in some
lizard species (COOPER & VITT, 1993;
WIKELSKI et al., 1996; CENSKY, 1997;
MARTÍN & FORSMAN, 1999). Females
might chose larger/older males based on
the male quality reflecting superior
genes (COOPER & VITT, 1993) or on the
quality of the resource that the male
holds (HEWS, 1990). Alternatively,
females may choose large males to avoid
harassment from other males, which
would allow females to increase foraging
time (CENSKY, 1997). It is widely held
that females should prefer to mate with
older males in species in which males
provide only sperm to females because
viability selection leads to older males of
higher genotypic quality than younger
males (BECK & POWELL, 2000).
However, age and body size may be
poorly correlated in some lizards. For
such species, size would be a poor
indicator of male longevity (OLSSON &
SHINE, 1996). Could chemical cues be a
more reliable indicator of a male’s age
for female lizards? 
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In a laboratory experiment we
analysed the effect of age of male L.
monticola on attractiveness of males’
scents to females (LÓPEZ et al., 2003b).
When we offered scents of two males of
different age (which is also correlated
with body size), females associated
preferentially with scents of older males.
This suggests that females were able to
assess the age of males by chemical
signals alone, and that females preferred
to be in areas marked by older males,
thus increasing their opportunities to
mate with these males. This result agrees
with field observations of this lizard,
which suggest that females prefer to
mate with large/older males and reject
sneaking copulation attempts by
younger/small males (LÓPEZ et al.,
2003b). 
Our results also suggest that female
preference for large/older males may
depend on female body size. Large
females would show a strong preference
for large males, whereas smaller females
would not be so selective. This could
result from a parallel males preference
for large females (because larger females
can lay larger clutches) (OLSSON, 1993;
WHITING & BATEMAN, 1999), which
might force small females to accept
copulations from smaller/younger
males. These preferences might lead to
size-assortative matings (COOPER &
VITT, 1997).
Sexual conflict
It was generally assumed that
success in male-male competition
reflected high quality and that female
preference for dominant males should
be widespread. However, recent studies
suggest that male dominance is 
not always attractive to females
(QUARNSTRÖM & FORSGREN, 1998;
MOORE & MOORE, 1999). Male and
female interests are not always in
accordance because of conflict of
interest over reproductive roles in
evolutionary games between the sexes.
For that reason, females do not always
accept dominant males resulting from
male-male competition. Rather, their
mate choice may be made in accordance
with their own male preferences. To test
this hypothesis, we analysed the factors
that determine dominance status in
males of the lizard L. monticola, and
how are they related to female mate
preferences (LÓPEZ et al., 2002b). Males
with relatively larger heads won more
agonistic interactions and reached more
dominant status. This is because males
with larger heads can bite harder
(HERREL et al., 1999) and, thus, have an
advantage in intrasexual agonistic
contests. Dominant males had more
exclusive home ranges that included
several females, and could easily gain
access to more females. Subordinate
males were expelled when located and,
as a consequence, had reduced access to
females (MARTÍN & SALVADOR, 1993,
1997a; LÓPEZ et al. , 2003b).
Nevertheless, there can be a trade-off
between traits that confer dominance
and other traits affecting survival
(MARTÍN & SALVADOR, 1993; LÓPEZ &
MARTÍN, 2002 c).
However, what do female L.
monticola prefer when they are looking
for mates? Are the same characters that
determine the social status of a male
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those that are sought by females? Our
results indicated that head size was
unimportant for females. In contrast,
females preferred to be in areas scent-
marked by relatively heavier males
(males with a better physical condition),
but also by males more symmetric in
their counts of left and right femoral
pores (LÓPEZ et al., 2002b; see also
MARTÍN & LÓPEZ, 2000). Thus,
sexually dimorphic traits of this lizard
(i.e., head size and femoral pores) appear
to be subject to different selection
pressures. Intrasexual selection may have
contributed to the evolution of males
with larger heads. On the other hand,
chemicals arising from the femoral pores
might honestly indicate quality (i.e.
related to the body condition and
asymmetry levels) of a male to females
and may result from intersexual
selection. Females may use this
information because the only benefit of
mate choice to female lizards may be
genetic quality. Females could select
their mates based on the information
from chemical signals that territorial
males leave in their home ranges, and
also could solicit matings from these
preferred males.
CONCLUSIONS
Finally, we would like to point out
an open question: What is the
importance of chemical signals in sexual
selection processes? The results of the
studies described here suggest that
chemical signals may be more reliable
and have a greater importance in sexual
selection of lizards than has been
considered before. Of course, not
everything is based on chemistry in a
lizard’s life. Visual signals are also very
important, and may interact with
chemical signals in many aspects of the
social lives of reptiles. However, we
would like to emphasise the potential
importance of a chemoreception, which
is very well developed in reptiles, but
which role has been almost forgotten for
a long time in behavioural and
ecological studies of sexual selection.
We, thus, would like to encourage
researchers to perform further
laboratory and field studies taking into
account the different roles and the
relative importance of colour and
chemical cues in sexual selection of
lizards. We are sure that this research
will be fruitful and that will provide new
ways of viewing evolution of many traits
(morphological, but also behavioural
and chemical ones) through sexual
selection.
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